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Abs tract 


The systems approach can contribute to more rational strategic 
planning in the energy sector by providing a conceptual framework 
for discussion and a basis for quantitative analysis. Strategic 
planning is a responsibility of both industry and government and 
must deal with the energy system embedded in the economy and en- 
vironment. Thus, quantitative mels developed to assist in this 
planning process must be broad in scope and must also admit to a 
variety of inputs representing the objectives and values of indi-) 
vidual users. Hidden and implicit assumptions are to be avoided 
in structuring the models. j 

Energy research and development policy is an important com- `)‏ ځا 
ponent of strategic planning and a pss methodological‏ 
approach to this policy issue has—been-developed. The Reference‏ 
Energy System and Energy System Optimization Model were designed‏ 
for application to strategic planning and have been applied to‏ 


the assessment of new energy technologies. These models and their 


application are discussed in detail. Extensions of the methodology 


involving coupling of the energy system model to an economic 


model are discussed, 


E Special attention is given to the definition of information 


requirements and to the treatment of uncertainty in planning. 
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Abstract | product or process disciosed, or 
| would not infringe privately owned 


The systems approach can contribute to more rational strate 
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planning in the energy sector by pro: iding a conceptual framewor 
for discussion and a basis for quantitative analysis. Strategic 
planning is a responsibility of both industry and government anc 
must deal with the energy system embedded in the economy and en 
vironment. Thus, quantitative models developed to assist in thi 
planning process must be broad in scope and must also admit to e 
variety of inputs representing the objectives and values of indi 
vidual users. Hidden and implicit assumptions are to be avoided 
in structuring the models. 

Energy research and development policy is an important com- 
ponent of strategic planning and a comprehensive methodological 
approach to this policy issue has been developed. The Reference 
Energy System and Energy System Optimization Model were designed 
for application to strategic planning and have been applied to 
the assessment of new energy technologies. These models and the 


application are discussed in detail. Extensions of the methodol 
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involving coupling of the energy system model to an economic 
model are discussed. 

Special attention is given to the definition of information 
requirements and to the treatment of uncertainty in planning. 











INTRODUCTION 


Energy systems analysis is an activity as diverse as the many 
facets of the energy-economy-environment triad itself. To be of 
maximum utility to policy formulation in this important area, 
quantified systems analysis must be responsive to the unique re- 


quirements posed by specific energy policy issues and must be supple- 
mented by a broad range cf policy analysis related to those political 


and societal aspects that are not amenable to quantitative analysis. 
Most important to the responsiveness of systems analysis to policy 
foimulation ‘3 a close working relationship between systems analysis 
groups and those with policy responsibility and a clear distinction 
between research on policy issues using developed analytical tech- 
niques and research on advanced methodologies for çoliey research. 

The role of systems analysis varies considerably among the 
various policy issues. In many instances, the benefits of quanti- 
tative analysis of complex systems derive as much from tht insight 
and experience gained by the analyst and user in the disciplined 
application of a methodology that addresses a policy issue than 
from the specific results indicated on computer output. 

Energy policy analysis and planning activities involve federal, 
state, and local government as well as industry and citizen groups. 
The federal role in the past has largely involved regulation, spon- 
sorship of research and development on advanced energy technologies, 
and the leasing of federal lands and off-shore areas whore siç- 
nificant energy resources are found. Of late, the federal yovern- 
ment is becoming increasingly involved in a more comprehensive 
strategic planning process in an attempt to coordinate these acti- 
vities to achieve the goals of national policy such as increased 
self-sufficiency and environmental protection. 





The major energy industries perform the bulk of the tactical 
and operational planning required to implement energy systems and 
interact strongly with state and federal regulatory agencies. As 
energy industries are tending to diversify into all primary energy 
resources they must become increasingly involved in the strategic 
planning process. 

Despite the rather discouraging condition of our energy system 
that is apparent at present, in the longer term the United States 
is quite rich in options of both a technological and policy nature. 
These must be judged and ranked in terms of our national goals and 
objectives and a consistent set of energy policies must be ovolved 
to implement the preferred options. It is this process that re- 
quires more sophisticated strategic planning. 

The system methodologies discussed in this paper are directed 
towards strategic planning and cover the technical, economic, and 
environmental aspects of the energy system. They involve a con- 
ceptuel description of the technical structure of the energy system 
and of interfuel substitution in the network format of a Reference 
Energy System, and a linear programming optimization model that is 
used to analyze the response of the energy system to price changes 
and resource and environmental constraints. 

Although quantitative systems analysis has been useful when 
applied to spccific issues of somewhat limited scope, such as the 
supply of a given resource or the optimal mix of electric generating 
facilities for strategic planning purposes, there is a need to 
achieve better understanding of the complex interrelationships 
between energy and other sectors of an industrialized society. 

The development of such comprehensive analytical models is dis- 
cussed in this paper. Other approaches are being developed through- 
out the world and more interchange and coupling between diffarent 
methodologies is needed tc develop measures of consistency among 


-4- 


to 


| 


727 AER vti RETTET ahi M ttn IDE pner eU دب‎ A gn A ^ 





alternate approaches. This type of research as well as the 
operational application of systems and policy analysis to planning 
is best conducted in an interdisciplinary environment that is 
closely coupled with policy-making groups. Information exchange 
and pertinence to regional policy issues can be fostered by re- 
gional research centers having these responsibilities. 

The following sections of this paper deal, respectively, with 
a comprehensive methodology for strategic planning consisting of 


models of the energy system and economy, and a review of the ap- 
plicaticn of these models. 


ENERGY SYSTEM - ECONOMIC MODELS 

The energy system-economic analysis techniques developed for 
strategic planning encompass the technological features of the 
energy system as well as economic and environmental factors. (1) 

The energy system model is based on the Reference Energy System 
and the Brookhaven Energy System Optimization Model (BESOM) that 
has been developed and applied to energy technology assessment 

and studies of patterns of interfuel substitution. The coupling 
of this model to ar Input-Output representation of the United States 
economy is in progress. These coupled models will be employed for 
energy-economic analysis at the national level although they can 
also be applied at the regional level given an appropriate regional 
data base. Work on the incorporation of a more sophisticated 
treatment of biomedical and environmental effects of the energy 
system is in the planning stage. 

The Reference Energy System format and associated projection 
techniques are employed for developing energy supply-demand pro- 
jections at a high level of technological and functional disaggre- 
gation. The BESOM model provides a r athodology for the detailed 
analysis of energy resource allocation and the energy technologies 
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Energy System Network Simulator. Energy flow It is recognized that projections made in th 
computer program designed to produce resource 
and emissions inventory in RES format using 
data from EMDB 

BESOM- Brookhaven Energy System Optimization Model. A 
linear programming model for analysis of optimal 
supply-demand configurations of the energy system 

RES - Reference Energy System. Network description 
of energy system including all processes from 


extraction through conversion and transportation 




































Estimates of the availability, in terms of annual 
production levels, of specific resources. 


Demand in Btu, which is the amount of energy required to support 

an energy utilizing activity such as space heat, automotive propul- 
sion, etc. assuming that the energy could be used at 100% technical 
efficiency. The models incorporate the efficiencies of supply and 
utilizing technologies and thus are employed to determine the 
resource demands (e.g. oil, gas, coal, electric) associated with 


the Basic Energy Demands that are specified as input. Thus, it 


/ be employed under the influence of constraints on the manner may well underestimate the total energy de 


ility of those resources and technologies. The usual 3. Any other constraint that may force the syeten because of unanticipated new uses of energy. Sin 


to depart from overall cost optimization, e.g. 
use of oil or gas as boiler fuel in urban areas 
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ve in the optimization process is cost minimization; how- —— 

variety of objectives and special constraints including 

nental considerations may be reflected in the formulation 
nodel. 

e coupling of the energy system optimization model with 

ut-Output model overcomes certain difficulties in the .on- 

al Input-Output approach by providing for technological 

and interfuel substitution in the energy sector. This 

g also makes explicit the relationship between the energy 

used in the energy system model and the GNP structure 

nted in the final demand sector of the Input-Output model. 

ort to couple these models is a joint program between the 

Systems Aralysis Group at Brookhaven and the University of 

s Center for Advanced Computation. 

e scope of the Brookhaven energy system-economic models, 

nterrelationship with supporting data bases, and applications 

ustrated in figure 1. Following is a summary and definition 

elements shown in figure 1. 

DB - Energy Model Data Base. A model independent | | 
data base including efficioncy, air and water 
emission, and occupational hazard ccefficients 
expressed in appropriate units per 10}? Btu 
for approximately 600 supply processes and 200 
end uses 

O - Input-Output Model 

YG - Energy System Generator. Computer program 
designed to extract data from EMDB and convert 


to coefficients for BESOM 


in general, necessary to reflect these uses in th 


i 
! 
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because of air pollution regulations. systems. It is felt, however, that such demands 


The RES is essentially a specialized format for representing to involve electrical energy than other energy fo 
the detailed technological structure of the energy system along 
with resource consumption and emissions to air and water. As 
such, RES's can be developed with or without the aid of a simu- 
lation or optimization model. Computerized network-type flow 
models have heen developed at Brookhaven to construct RES's drawing 
on efficiency, cost, and environmental data from the Energy Model 
Data Base (EMDB). (2) The EMDB is available on the Brookhaven com- 
puter and includes about 600 individual supply processes and 200 
end uses. 

The BESOM provides an optimization technique for use in the 
development of RES's reflecting supply constraints their influence 


on interfuel substitution. The features of this model that are 





١ reflect the i ct of these demands on the suppl 
is evident that Basic Energy Demands may be held constant while — PE? 


١ undefined electrical demands were included in the 
very different resource demands can be obtained as fuels and 


technologies are substituted at different efficiencies. It is 





and commercial miscellaneous electric categories 
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to end use. Resource consumption and emissions phantom appliances and demands), and in the deman 


and environmental effects inventories are included 


Reference Energy System and Optimization Model 


The Reference Energy System (RES) and linear programming opti- 
mization model (BESOM) include a detailed representation of energy 
supply and utilizing technologies. These models were designed 
for application to the analysis of future develor.ent of the energy 
system and of interfuel substitution patterns that may take place 
in response to constraints on the supply of individual fuels. A 
version of BESOM incorporating demand elasticities is under devel- 
opment and will enhance the projection capability of the model by 


accounting for changes in the level of demand for energy in response 
to price changes. | 


common practice to use resource demand as a representation of 
industrial misceilaneous process heat. 


Before describing the methodology used to de 


energy demand and it would seem useful to make a distinction be- 


tween the two to at least separate the components of demand that 


tions it i seful to define several rameters. 
are dependent upon the level of activity of consumers from those — —N pa 


1. Fuel Demand, D. = The quantity of a fuel”, i, 
that can be controlled by technological improvement of supply and  —— a 4 y 


O dit. 9050, BEBO موا د‎ ch dade وول‎ Cc Cete cas rm s 


۳-۳۳ ; i consumed in a specific demand category, such as s 
utilizing devices. From this point on, the term energy supply- 


automotive transport, or aluminum production. 
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demand projection will be used to describe the type of projection 
developed by the RES-BESOM combination. 

Following is a summary of the approach used in developing 
the energy supply-demand projections described in AgT-8 (2) for | 


2. Total Fuel Demand, D - the total fuel require 
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the requirements of a specific demand category. 





important in projecting energy supply and demand are the scope of is considered as a fuel in this sense and D = ED 


the model in allowing for substitution between the electric and : 
non-electric sectors, the incorporation of a load-duration curve | 
for the electric sector, and the inclusion of the utilizing device | 
as an important element in interfuel substitution. The major x 
shortcoming of the model at present is the lack of regional detail 
which may lead to somewhat different fuel use patterns based on 
variations in transportation cost of different energy forms. 

The RES and BESOM techniques require a special type of demand 
specification as input. The demand is specified as a Basic Energy 


3. Relative Effectiveness, e. = the relative eff 
use in an Assessment of Energy Technologies performed for the 8 


Office of Science and Technology (OST). 





with which fuel, i, is used in a demand category. 


parameter depends on the characteristics of the u 
For the purpose of the technology assessment it was necessary 


technology employed. 
to develop projections of energy demands in a detailed, or dis- 


4. Basic Energy Demand, E = the amount of energy 


be required in a specific demand category, assumi 


The RES and BESOM may be applied to projection of the supply- 
demand configuration of the energy systems given the following 
input information. 
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aggregated, manner. This approach was required in order to evalu- 
ate technologies that may apply to very specific end uses. To 
evaluate the use of solar energy for water heating, for example, 
the projected growth of this end-use must be exhibited in the 


reference system along with the technologies that can compete to 
satisfy that end use. 






















ı. Level of energy demand activity in terms of number of 


households requiring space heat, passenger miles of 
auto and air travel, etc. 


effectiveness, e; of 100% for each fuel employed. 








* "fuei" as used in this sense includes electrici 
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The model determines the optimal energy flows within the 



































The Basic Energy Demand derived in this manner is indepen- feasible depends on the Supply and utilization technologies that 


are available, the model includes the characteristics of these 
technologies. 


energy demand and resource supply constraints that are applied 
dent of the fuels employed to satisfy the demand, and is projected 





for a particular analysis. The output of the analysis includes 
into the future on the basis outlined for each demand category in 


The technology related Parameters that appear ex- 
Plicitly in the model are the efficiencies of energy conversion, 
delivery, and utilization devices; 


devices; and their cost. 


the-total annual cost of service and an inventory of emissions 
Table I, including any increased saturation that may be postulated. 





to the environment associated with a given energy flow solution. 
In categories where a unit basic demand is defined, it is used 


























the emissions produced by the 
The intent in establishing the Scope of 
the model was to include the technical elements that are of major 


Examination of the energy demand sectors at the right-hand side 
as the basis for the projection and, in most cases, is held constant 







of the network indicates the degree of disaggregation included 


over all reference years. By specifying the Fuel Fractions, f., 
Y Y SP ۳9 1 in the analysis. The substitution possibilities are dependent 


and Relative Effectivenesses, ei: the Fuel Demands, Di are derived 










importance in a framework that is as simple as possible. Simplic- 


on these functional end uses and are quite different between the 
ity is a 


from the basic energy demands for each future reference year. 





requirement if all assumptions are to be evident and the 
results easily interpreted. 









air-conditioning, automotive, and process heat categories, for 
Thus the fuel mix is defined. 


| example. The load-duration structure of electrical demands is 
The specific assumptions that were made in the Space heat 


The Reference Energy System shown in Figure 3 is quantified 


also reflected in the model since the type of electric generat- 
i E 
with a set of projected energy flows for the year 1985 from al- : 
š 


demand category and the basis for the projection in each case 
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ing equipment employed is dependent on the portion of the load 
are described on Table II. 
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ternate resources through the various energy conversion and de- 
livery activities to specific end uses, 


curve that it is to operate on. This is an important considera- 












Limited use of the linear programming optimization model was 


















Each link in the network 


of processes used for a given activity, 
Such as the refining of crude oil. 


tion in substituting electric energy for other fuels in such 
made in developing the projections in AET-8. The model was sub- 


represents a process or mix 


categories as space heating and transportation where there are 
sequently applied rather extensively to analyze perturbations 


Cost, efficiency and emission : significant peak demands. 


to the projected RES's as a result of the introduction of new coefficients may be associated with each link 


| The energy flows | 
indicated in Figure 3 reflect che technical efficiencies of the i 
individual processes and thus the flows decrease 


through the network. 


The cotimization of the energy system is performed with re- 
technologies or constraints on oil imports that forced substitu- 





spect to cost and the objective is to minimize the cost of ser- 
tion of other energy forms. The aggregated energy resource demand 
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progressively 
The projected energy flows correspond to 
several projections that had been prepared earlier (3,6) 


vice, subject to policy, economic, and other constraints that may 
projection that was developed for the OST assessment is shown in 


dd Matz, af YY. u 



















be represented in the objective function and constraint equations. 
Figure 2. The assumptions behind this projection include no con- 

















to indi- 
cate the degree of reliance On imported fuels that might result 


unless action were taken to move toward self 
servation, 


Amortized capital costs, fuel costs, and other operating costs are 


EA ABS ie, 


straints on oil imports or power plant siting and only minor 







included. A fixed charge rate of 15% is used for capital costs. 
changes in the price of energy relative to other commodities and 


-sufficiency and con- 
This projection has been used in several Studies as 


Additional constraints are included to reflect existing systems 
factors of production. 


SEALE MSR TE 








(5) that would not be replaced and to specify certain fuel uses that 
The linear programming model of the U. S. energy system 


a point of departure for the development of alternative co 
tions. 


nfigura- will probably occur for special reasons, such as regional viability, 


includes provision for full range of interfuel substitution, in- The links shown in the network diagram reflect onl i 
ect only exist- 


that are not reflected in an overall cost optimization of the U.S. 
cluding substitution between electric and non-electric energy 







ing technologies. Using the linear programming model, 
energy flows may be determine 


alternative energy system. 


forms. It encompasses the entire energy system including all re- î 

























which employ new technologies and The linear programming methodology is rich in economic in- 


Sources and demand sectors as shown in the Reference Energy System, 






which also involve the subst 


Place imported oil and gas. 


“tion of domestic resources to re- terpretation. Of particular interest is the marginal value or 








Figure 3. Since the range of interfuel substitutability that is H 








"shadow price" of scarce resources in a given solution. These 
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represent the unit change in overall cost of the system resulting 
from a unit change in availability of given resources. They are 
dependent on the cost differential between the scarce resource 
and د‎ more costly but abundant substitute as well as on the rela- 
tive technical efficiencies of the alternatives. The shadow 
prices provide a measure of the economic equilibrium of the system 
in terms of a comparison of the cost of expanding capacity of a 
given type with the value of that additional capacity. They may 
also be used to assess the structural changes that might occur in 
response to changes in economic values assumed in a given analy- 
Sis. The output for a given analysis also provides an extensive 
study of the range of cost and efficiency over which given tech- 


nologies are competitive. 


Input-Output Model 


A special version of the energy Input-Output model constructe 
at tne University of Illinois Center for Advanced Computation is 
under development to allow coupling this detailed model of the over 
all economy with the energy system model, BESOM. 

The coupled Energy System/Input-Output model will be used 
primarily as an analytical technique to investigate the impact of 
alternative energy systems on industrial requirements. The couplec 
models also provide a means of developing energy demand projections 
that are internally consistent with projected vector of final 
demands for the Input-Output (I-O) model that represent GNP. 

A matrix for the Input-Output model is shown schematically 
in Table III. The matrix is partitioned into four input and out- 
put sectors. R represents resource supplies, S represents second- 
ary energy forms (electricity, hydrogen, etc.) P represents Energy 
Products or Basic Energy Demands (space heat, lighting, process 
heat, etc.) and I represents industrial sectors. 


The development procedure to be followed involves extracting 





oiSe 












the energy technological coefficients from the current 365 sector 
1-0 mode1 (7) and the expression of energy inputs in the I-O model 
in terms of Basic Energy Demands which are independent of the fuel 
form. The fuel mix used to satisfy those demands will then be 
determined by the BESOM. Energy supply-demand coefficients are 










also incorporated in the I-O model and represent fuel allocations 
determined by the BESOM. The sequence in performing an analysis 
with the coupled model is as follows: 

1. Develop projected final demand vector for the I-O model 





representing GNP. 




















2. Insert approximate energy supply-demand coefficients in 
I-O model (Ang and Asp! > 

3. Run I-O model to determine Basic Energy Demands, or En- 
ergy Products, associated with GNP projections. 

4. Run BESOM with Basic Energy Demands as inputs to de- 
termine energy supply-demand configurat ion. 

5. Convert BESOM output to energy supply-demand coefficients 
for 1-0 and insert these into I-O model. 

6. Perform iterative run and test for convergence of Basic 









Energy Demands. 



















APPLICATIONS TO STRATEGIC PLANNING 



















The Reference Energy System and optimization model have been 
applied extensively to energy research and development planning. 
In this section the general approach to this planning task will be 
described, followed by an outline of the type of information pro- 
duced in using the models for technology assessment and of the ca- 
pakilities that will be provided by the systems analysis techniques i 
that are under development. | 
The research and development Policy area is of great impor- 
tance to the future development of our energy system. Only through | 
the deveiopment of new technologies can the diversity and fexibility | 






















resource availability and ervi-onmental concerns that will occur 


over time. 


There hive been three major energy research and development 
plans developed within the past 10 years. 
assessments, performed respectively by the Office cf Science and 
Technology and the Chairman of the Atomic Energy Commission, sys- 
tems analysis te.hniques were applied to the evaluation of the po- 
This involved the use 
of Reference Energy Systems which represent projections of the 


tential impact of new energy technologies. 


energy technologies and of the systems that would be employed to 
satisfy increasing energy demands. 
assume little in the way of new technology. 
mate of the relative impacts of new technologies is obtained by 
Placing a new technology in the system as a replacement for some 
other technology and by considering its relative efficiency, cost, 
and environmental characteristics. 
changes in resource usage, cost, and emissions attributable to the 
employment of the technology are obtained. This is a relatively 
simple analytical approach yet was quite well suited to the task 


(8,9,10) 








be realized to allow the energy system to adapt to the changes in 


The Reference Energy Systems 
A quantitative esti- 


Consequently, the quantitative 


at hand. Reference projections and levels of implementation 


assuming successful development were arrived at by something close 


to a Delphi approach. 


The analysis then answers questions rogarding the effect of 
the technology assuming the research and development is successful. 
This obviously is but a small part of the larger question dealing 
with the appropriate allocation of available funds among competing 
concepts, among near and long term options, and between the research, 


@ource : 


This assessment technique provided a reso- 
lution of the typical problem associated with such activity when 
each proponent of a technology tends to overestimate the importance 
of the area impacted by his concept as well as taking an overly 
optimistic view of economic performance and level of implementation. 





















In the last two 

















Reference 3, p. 81) 






development, and demonstration Phases of the programs. Portfolic 


theory and gametheory may be applicable to such questions, but 
little progress has been made toward the quantitative analysis of 
these questions. A basic problem is the extreme uncertainty that 
exists regarding scientific feasibility and engineering and eco- 
nomic feasibility of new technologies. The most suitable approach 
to this problem of allocation of R&D funds among competing tech- 
nologies is to develop R&D goals and establish criteria for termina- 
tion of an approach when it is clearly not competitive with al- 
ternatives. Such criteria should not give undue emphasis to eco- 
nomics and must consider the possibility of changing objectives. 

The priorities for demonstration projects, which tend to be 
much more costly than research and development work are probably 
most easily established since they tend to be near term and can 
be analyzed in terms of potential market impacts. Research and 
development priorities are much more difficult to establish, how- 
ever. If economic criteria are used, the uncertainties are so 
great that it is difficult to interpret a cost-benefit analysis. 
Social and environmental benefits of such technologies are fre- 
quently overlooked as are potential changes in the cost of com- 
peting systems. 

A broad and comprehensive systems analysis approach that 
focuses on the diversity, flexibility, and adaptability of the 
energy system would provide a superior approach to the evaluation 
of technologies prior to the demonstration phase. Such analysis 
would present objectives to be met in terms of technical, economic, 
and environmental parameters. The early phases of the research 
and development program would then be seen as the purchase of in- 
formation regarding a particular option. When the degree of un- 
certainty is reduced, support can be increased or decreased as 
appropriate. The options should be selected from the point of 
view of the potential for increasing the flexibility of the system 
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with less emphasis on cost competitiveness with existing systems. 

The important data requirements for research and development 
Planning deal with the characteristics of new technologies and the 
Probability of success of the concept. These are the major un- 
certainties although, again, future demand levels are also viewed 
as being very important. The resolution of uncertainty in perform- 
ance data and feasibility can only come from additional research, 
hence the importance of the role of the technology in providing 
flexibility and a qualitatively different option should be stressed 
and the important criteria. Uncertainty of future energy demands 
is inherently more difficult to resolve and the most logical approach 
here is to develop a risk averse strategy. The investments pro- 
posed in energy research and development, $10 billion over 5 years 
or $20 billion over 10 years, are small compared with the capital 
investments in the energy system that have been projected of $500 
billion over 15 years. Therefore, a risk averse stategy would in- 
volve development of these options that would be needed given the 
maximum level of demand and certain sets of possible future develop- 
ments such as the early depletion of oil and gas reserves, or a 
moratorium on nuclear power plants. 

The strategic planning methodology outlined in this paper pro- 
vides for the quantitative analysis of alternative technical and 
resource options. Fcllowing is a sample of the type of information 
obtained by applying the Reference Energy System and Optimization 
Model to the assessment of new energy technologies. A set of sup- 
Ply and demand constraints, technical coefficients, and costs were 
estimated for the year 2000 and a series of optimization runs were 
made to evaluate the impact of a non-electric air-conditioning sys- 
tem and a battery-driven automobile by comparison with a base-case 
analysis in which these options were excluded. The results are 
presented primarily to illustrate the application techniques and 
the output information that may be obtained. Additional runs using 
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are more characteristic cf central station plants increased, The 




















In the static optimization model that was used in the above 
ff technical parameters and cost estimates are required 























additional electrical load in this case is handled by coal-fired 








demands served by a specific electric supply category. In the 
base case both the Light Water Reactor (LWR) and the Liquid Metal 
Fast Breeder Reactor (LMFBR) are base loaded as is all but a small 
portion of the coal-fired electric category. 


analysis, the focus is on a particular planning year in the future 
iy final conclusions may be drawn with respect to the tech- 


evaluated. 


stations since nuclear categories were already base loaded and em- 





| and the economic benefits are obtained for that planning year. As 
ployed at their constraint value in the base case, If the addi- 









a basis for cost-benefit analysis, the cost of the research and 
: major air pollutants and high-level radioactive wastes 


tional loads were handled by nuclear capacity the only residuals f 
rporated as environmental effects. It was assumed that 











development program should be compared with the discounted present 
increase would be of radioactive wastes, 


The asterisks in Table IV indicate variables that could en- 


worth of the ultimate benefits of implementing the technology over 
6 
ter the optimal basis as a cost reduction less than 10¢/10 Btu. 


EPA standards for central station Power plants and auto- | 
rould be achieved. 


The cost reduction attributable to the electric automobile 








the entire planning horizon. These benefits may be estimated with 













stems from the low fuel cost in central station power plants and 






| the static model by applying it at several »oints in time, inter- 
| Oil is in short supply in this run; however, it has a relatively 
' Supply and demand categories identified for this study ۱ 


the better utilization of capital facilities are compared with the 









polating the benefits between those points, and calculating the 
low marginal value indicating that alternatives are available at 
| in Table IV which also illustrates the optimal solution i 


base case. All of the central station plants are base loaded 


present worth of that stream of annual benefits. A dynamic, or multi- 
only a slightly higher cost. These alternatives are methane (ob- 
ase case in which the new technologies under consideration 


uded. Each feasible supply-demand combination in Table 
resented by a variable in the linear programming model. | 
y and demand constraints that applied throughout the 
runs are given in units of 1015 Btu. Note that the rows | 
ns do not sum to the constraint values since supply and 
on efficiency coefficients must be applied to the variables. 
the base case, the private ground transport category is 
th gasoline and the air-conditioning demand is served by 

ty. Some of the space heat demand is also served by elec- 
thus filling in the winter valley. The water heating and 
ion demand categories use off-peak energy but no other 
lemands are available to be served.  Pumped storage is 

ıe limit of its constraint value for peaking service with 
es providing the balance of the peak demands. 

Pumped storage supply category has the highest marginal 
this base case. The marginal value represents the cost 

‚hat would be obtained for a unit increase in the con- 

ı1ue for the supply category. The values are obtained 
olution to the dual problem. 

assignment of a central station supply category to serve 
mand category is not of primary importance. The sig- 
formation is the combined load factor of all of the 










except for a small amount of pumped storage required for peaking 
service. 








) d 1 f t hemical time-period, optimization model would use minimum present worth as 
tained from coal) for air transport and coa or petrochemicals. 








the objective and optimize simultaneously over all time periods. 
Three additional runs were made in which the non-electric | 


Using such a model, the benefits would be calculated directly in 


terms of their present worth. 


In the final case, both technologies were admitted simul- 



























air-conditioner and the battery-driven automobile were admitted, taneously and the results are tabulated. The total resource con- 


— 


first individually and then together. The cost, overall conver- | 





sumption was lowest for this case, 205.7 x 1015 ptu as compared 






The coupling of the ener Systems optimization model to 
sion efficiency, emissions, and wastes for these cases are given piıng gy sy P 


with 220.7 x 1015 Btu in the base case, While the absolute values | 
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in Table V. The non-electric air-conditioner was admitted with د‎ 














an input-output model will provide for analysis of the interaction 


for energy consumption indicated in this series of runs may not between energy demands and costs, and the overall economy. It will 












coefficient of performance (c.o.p.) of 2.5 as compared with a value 
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represent an accurate forecast or projection, the relative changes 
of 3.0 for the electric unit. The assumed non-electric c.o.p. 


t- 


aiso facilitate study of the industrial requirements, e.g. steel, 





attributable to technological shifts do provide valuable planning 
represents a technological advance over current systems which range 


between 1.0 and 1.8. The electric automobile was assumed to have 
an overall conversion efficiency (including power conditioning, | 


pressure vessels, piping, for alternative energy strategies, 
information. In general, it is felt that the assessment of a given 


technology is not particularly sensitive to demand forecasting 


errors and thus accurate absolute forecasts are not essential. 







Finally, increased sophistication is required in the treat- 
ment of environmental impacts. Regional definition of the energy 
system is important in most applications, but is of extreme impor- 


tance with respect to environmental affects. More information is 








—— 
































battery charge and discharge, and other components) of 0.6 as com- 
pared with an efficiency of 0.2 taken for a gasoline-fueled vehicle. 
When the non-electric air-conditioner was introduced it re- | 
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Throughout this series of analyses it was assumed that the 
new technologies could completely displace the systems appearing | 
in the base case, It was further assumed that all battery charging 
for the electric automobile is done using off-peak power. Addi- 









required on the transport, conversion, and fate of pollutants so 














placed the electric device. The resultant decrease in peak elec- 
tric demands produced a significant cost decrease and a reduction 
of all emissions with the exception of carbon dioxide and radio- 


that gross emissions can be interpreted in terms of biomedical 
effects on people. These phenomena have a strong regional dependence 


and cannot be addressed adequately in models representing a national 
average situation. 


tional constraints may be easily added to limit the introduction 
of new technologies and a more complex load structure assumed for 
battery charging. Such modifications would be included in a more 
extensive analysis along with analyses of the sensitivity of the 
solution to variations of costs and constraints. 





active waste. 
The introduction of the battery-driven automobile resulted 

in a $43 billion decrease in annual costs. The overall energy sys- 

tem efficiency increased by about 3.7 percentage points and the 

emissions characteristic of the gasoline-fueled vehicle, carbon 

monoxide and hydrocarbons, decreased while other emissions that 
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TABLE I 
BASIS FOR PROJECTION OF DEMAND ACTIVITY LEVELS 


Cement 
Aluminum 

Iron 

Steel 
Petrochemical 
Process Heat 
Electric Drive 
Automotive 
Bus 

Truck 

Rail 

Air 


Ships 


Escalation based on 


— —— — Bü 


No. of households 

Proportion to residential 

Last 10 yr. growth rate 
Independent Projection to 2000 
Independent Projection to 2000 
AUI projection 

Last 10 yr. growth after 1985 
Last 10 yr. growth rate 

Last 10 yr. growth rate 
Independent Projection to 1990 
Independent Projection to 1990 
Constant fraction of automotive 
Independent Projection to 1990 


Independent Projection to 1990 


AUI estimates 
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TABLE III 



















Sector: Residential 
Category: Space Mest 









STRUCTURE OF INPUT-OUTPUT MODEL 
FOR COUPLING WITH ENERGY MODEL 







1969 1977 1983 2000 2020 
* 
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.529 | .75] 3.392 | .50 | .77 [3.524 | al .(9 ۱ 3.401 | .36 | .۵۱ | 3.556 .36 | :82 | 4.965 "A" matrix: 





Distillate 1 
Residual 011 
Coal 


























































ELECTRICITY .061 1.56 10.184 ۰1 4.581 .378 | .24 ۱.5۵ ۲ .99 |.35h.58 1.772 | .35 0.58! 2.505 
15 
TOTAL FUEL DEAD, D,10 “seu 6.632 7.158 7.474 8.740 12.223 






BASIS, 10° households 
SATURATION, S 


BASIC ENERGY DEMAND, E 
105 Btu 


81.207 















4.755 5.627 





6.248 8.001 
UNIT BASIC ENERGY DEMAND, E, 
10° Beu(t) /mouseholé 







76.935 76.935 



























REFERENCE TECHNOLOGIES: Burner devices for fossil fuele, electric resistence heat. 


GATE SOURCES: 
Di (for 1969): 































Reference (3), p 42, escaleted to 1969 et the 1967-1968 growth rete. 
































e, : Teken from reference (3), p 18 for fossil fuels in 1969. The efficiencies of 
fossil fuel utilisation ere increased over time assuming improved insulation to 
reduce the hest lees in an average home by 33% (see President's energy message 
June 4, 1971, p 9). The fractica of gee or oiíl-heated homes assumed to have this 
improved insulation in 1977, 1985, 2000, and 2020 are, respectively, 5%, 10%, 15% 
and 207. The efficiency of electric heat ie an apperent effectiveness relative to 


other fuels besed on 1968 data given in reference (3), p 42, and is held constant ۰ 
over time. 


















Terminology = Primary energy resource 


Secondary energy form 







= Energy Product (or Basic Energy Demand) 
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f, (for 1969): These are apperent fractione based on 1969 D, end e,. ۳ Industry flows 





BASIS OF PROJECTION: The basic demand derived for 1969 is escalated in proportion to the number of households 


indicated by the Series 2 household projectione giv in reference (4), p 37, extrapoleted 
to the year 2020. 








The electric heat energy demend is taken es 1.67 times the residential air-conditioning demand 
in 1985, 2000, end 2020. This assumo thet a balanced eummer and winter peek demand condition 4 
is achieved by using regional transmission interties to the extent required. (The fector of 1 
1.67 is the approximate ratio of the durations of the heating end cooling seasons.) Cas end 
oil are held in the seme relative proportions ee in 1969. 


























(Source: Reference 3, pg. A-4) 
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TABLE IV OPTIMAL SOLUTION FOR BASE CASE (T-L), 10%? Btu 
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COST AND EMISSIONS SUMMARY FOR ALTERNATE TECHNOLOGICAL STRATEGIES 


TABLE V 


Admit 


Admit 


Admit 


both options, 


Standard Case 


battery-driven 
— (Tz4) 


automobile 


non-electric 
air-conditioner 


Base Case 





-3 


AEs Aa... 


Cost Cost Cost 


Cost 


Objective, minimized 


164.3 


207 .6 170.1 


213.5 


Annual Cost, $10? 


47.2 


46.7 


43.5 


43.5 


Efficiency”, % 


305.5 301.1 295.5 


305.0 


00, , 10}! 1b 


8.9 


36.3 9.0 


22.1 


37.0 


co, 10° lb 


36.1 


41.1 


یس e‏ ووي 


48.0 


54.8 


20.1 


— + 


25.9 


9 
NO, > 10° 1b 


27.3 


so,, 10° 1b 


11.6 10.5 


8.6 


9.6 


Particulates, ıo? 1b 


13.9 13.7 


49.6 


50.9 


Hydrocarbons, 10° 1b 


65.0 65.0 65.0 


65.0 


Radioactive waste, 10° Curies 


198.1 


200.1 


213.0 


213.1 


Thermal energy’, 101? Btu 


“Hydropower and solar energy are excluded from this calculated efficiency. 


The energy demand constraints used 


bay also be interpreted as consumption of exhaustible resources. 










in this analysis were set above those used in AET-8. 
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